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INTRODUCTION 
The virus of bovine virus diarrhea (BVD), has been the 
subject of extensive studies in recent years. Knowledge gained 
from these studies has provided insight into the pathogenesis 
of the disease and has made possible the rapid diagnosis and 
prevention of bovine virus diarrhea. In order to progress 
further with effective control and eventual eradication of this 
disease, an increased understanding of the pathogenesis, the 
occurrence of viral latency and the epidemiology of BVD is 
necessary. Before such studies can be carried out successfully, 
it is imperative that additional information be available con­
cerning the intracellular mechanisms involved in virus-host 
cell relationships. 
Quits apart from the disease standpoint, any basic data 
obtained on the interactions between BVD virus and its host 
cell might also apply to other viruses that share antigenic 
components, physicochemical characteristics, or both. The 
virus of hog cholera is considered to be similar to BVD and the 
viruses of equine arteritis and human serum hepatitis may also 
be related. Availability of such basic information might aid 
in placing these viruses within the current virus classification 
scheme, either as members of a presently defined group or in a 
separate category. 
There is abundant information available at the molecular 
level for a limited number of "type" viruses from some groups 
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in the classification scheme. These "type" viruses have been 
utilized to study various biochemical events in mammalian host 
cells and have furnished information not easily obtained by 
other means. In the case of BVD virus, inadequate knowledge 
about the virus precludes its use in this way. 
The objectives of the present study were to confirm and 
extend data previously reported by other authors in three main 
areas of interest: 1) the interference produced by noncyto-
pathogenic BVD strains upon superinfecting cytopathogenic BVD 
strains, 2) characteristics of the replication of BVD virus 
such as the intracellular site of synthesis of viral components 
and the time at which these products are formed, and 3) the 
mechanism involved in the production of cytopathology by a 
strain of the virus that is capable of killing its host cell. 
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LITERATURE REVIEW 
Viral Interference 
One of the ways that a virus interacts with host cells is 
to inhibit the multiplication of superinfecting viruses. The 
interfering virus can exert its action either on certain host-
cell structures making them unavailable to the superinfecting 
virus or can directly interfere with the replication of the 
superinfecting virus. Observations on the occurrence of inter­
ference between many viruses and excellent reviews of the subject 
are included in articles by Schlesinger (85) and Wagner (98) . 
The basic mechanisms of viral interference have not been 
fully elucidated but four different models have been described 
in detail. High multiplicities of infection with certain viruses 
can block the specific cell receptors needed by a closely related 
superinfecting virus. Baluda (10) observed this phenomenon 
between ultra-violet irradiated Newcastle disease virus and the 
intact virus. Steck and Rubin (91) found that this type of 
interference occurred between avian leukosis virus and its 
homologous Rous sarcoma virus pseudotypes. Similar observations 
were made by Crowell (22) on antigenically related strains of 
Coxsackie virus. 
Not only can viruses compete for receptors located on the 
cell surface but also for intracellular sites. In this model, 
interference between viruses is usually reciprocal and is only 
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established after the interfering virus has penetrated into the 
cell and started to synthesize viral components. A very high 
multiplicity of interfering virus is required if the challenge 
virus is added simultaneously. However, infections with equal 
multiplicities of both viruses may give rise to interference if 
the interfering virus is added at least one hour before challenge. 
The nature of the intracellular sites of interference has not 
been clearly demonstrated and may vary with the system. Dubes 
and Rouhandeh (27) observed this type of interference between 
infectious RNA of two strains of poliovirus while Cords and 
Holland (21) detected it between enterovirus mutants differing 
in their sensitivity to guanidine. Zebovitz and Brown (106) 
suggested that such a mechanism was operating in the inter­
ference between temperature-sensitive mutants of Venezuelan 
and Eastern equine encephalomyelitis viruses. 
A virus can carry within its genome the information 
necessary to control or interfere with the synthesis of its own 
components. The classical model of a repressor gene controlling 
the expression of genetic information was described by Jacob 
and Monod (60), and has been successfully used to explain the 
phenomenon of prophage immunity (59) . This is an interference 
phenomenon observed in bacteria infected with temperate DNA 
bacteriophages. In this model, the interfering virus synthesizes 
a repressor protein that is capable of binding to the incoming 
genome of the challenge virus to block its transcription. 
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Robertson et (79) have reported that the structural protein 
produced by an RNA bacteriophage acts as a repressor since it 
prevents the transcription of viral genomes. The observations 
of Huang and Wagner (55) on the autointerference of vesicular 
stomatitis virus by defective T particles may be an example of 
such a phenomenon with animal viruses. The authors observed 
that a requirement for interference was the introduction of the 
RNA fragment of the T particles into the cell and the synthesis 
of protein. On the basis of the time at which maximal inter­
ference was expressed, they suggested that the T particles 
induced the synthesis of structural proteins. These proteins 
attached to the challenge virus genome and prevented it from 
synthesizing the nonstructural proteins necessary for successful 
replication. 
Since the formation of specific viral complexes is necessary 
during the replication cycle of viruses (i.e. nucleic acid -
polymerase, nucleic acid core - structural proteins, etc.), it 
would be expected that abnormal and perhaps nonfunctional 
complexes arise during mixed infections. Roizman (80) observed 
interference between two mutants of herpes simplex virus. A 
mutant that could replicate its genome but was unable to 
synthesize structural proteins interfered with the multiplication 
of another mutant that produced structural proteins but had 
decreased rates of genome synthesis. Interference resulted 
from the complexing of structural proteins of the challenge 
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mutant with DNA of the interfering mutant to form nonfunctional 
complexes. A similar mechanism may be involved in the phenom­
enon of intrinsic interference described by Marcus and Carver 
(68). According to these workers, a number of RNA viruses are 
capable of inducing interference specific against Newcastle 
disease virus strains. Zuckerbraun and Marcus (107) have more 
recently observed that this interference is due to the expres­
sion of 3 early genes of the interfering virus, possibly those 
associated with the viral polymerase activity. These proteins 
may bind to the challenge Newcastle disease virus genome and 
form a nonfunctional complex. 
Interference Mediated by Interferon 
Isaacs and Lindenmann (56) first described a virus-
interfering factor produced in cells from chorio-allantoic 
membranes exposed to heat-inactivated influenza virus. This 
V7ii3n 'wO no2rïTt3.1 0î^02rd.0~*MXXân'w0X0 rtisiTîlDîrâns ooXXs ^ 
prevented the multiplication of influenza virus. This material, 
which was termed interferon, was a pH 1 resistant protein (64), 
was produced by the host cells (18) and only protected cells 
from the same animal species (56). Subsequent work has indicated 
that interferon is produced by cells in response to the intro­
duction of foreign polyanions (58, 92) . 
Heller (51) was the first to observe that the cell genome 
participated actively in the production of interferon. Taylor 
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(95), Friedmann and Sonnabend (39), and Lockart (65) reported 
that cell-directed RNA and protein synthesis were necessary 
for the expression of interferon action. Later, Marcus and 
Salb (67) described a model involving two cellular genes 
responsible for the interference mediated by interferon. One 
gene is activated by foreign polyanions and directs the 
synthesis of interferon. The primary function of this protein 
is to induce a second gene in the same or other cells to direct 
the synthesis of a translation-inhibitory protein. This 
protein associates with cellular ribosomes and permits the 
translation of cellular RNA while blocking the translation of 
a challenge virus genome. In order to exert its action, 
interferon has to be cell-specific and readily transportable 
through cellular membranes (18). 
Numerous observations have been made on the heterogeneity 
of interferon sizes, as reported in reviews by Ho et al. (53) 
and Fantes (28). The classical description of interferon 
specifies a protein with a small molecular weight (approximately 
20,000 to 40,000). However, proteins with interferon activity 
and much larger molecular weights are produced in response to 
certain viruses and to most nonviral inducers. Hallum et (50) 
observed an interferon of a molecular weight of 89,000 daltons 
in the serum of mice injected with endotoxin. Smith and 
"Wagner (88) obtained interferons of more than 134,000 in 
molecular weight from rabbit cells stimulated by virus or 
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endotoxin and Fournier et a]^. (37) described a human interferon 
of a molecular weight of 160,000. 
Bacterial endotoxins are effective inducers of interferon. 
As pointed out by Wagner and Smith (99), these products are 
sometimes present in cell culture media and can affect the 
results of interferon assays. Allison et al. (3) reported that 
interferon production by cell cultures was a very sensitive 
test for the presence of pyrogens in the water used for media 
preparation. 
Fantes included in his review (28) a discussion of the 
properties of several bovine interferons. These materials 
were resistant to pH 2 dialysis and to treatment with heat 
or ether, but were unstable when subjected to freezing and 
thawing. Size determinations indicated a heterogeneous mixture 
ranging from 30,000 to 60,000 in molecular weight. 
Interference Between Strains of Bovine Virus Diarrhea 
The first report of interference with a cytopathogenic 
strain by noncytopathogenic strains of BVD virus was that of 
Gillespie et 6^. (43). They observed that cultures preinfected 
for at least 3 days with a number of different noncytopathogenic 
strains became resistant to a plaque-forming cytopathogenic 
strain. By using this procedure they were able to titrate the 
noncytopathogenic strains in cell cultures and perform 
neutralization tests. 
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À slight and transient interference against vesicular 
stomatitis virus was observed in cultures infected with non­
cytopathogenic strains by Kniazeff and McClain (62) and 
Gratzek (45). Malmquist et a^. (66) reported that hog cholera 
virus-infected cell cultures were resistant to a cytopathogenic 
BVD strain. These authors observed that the superinfecting BVD 
virus was not able to synthesize infectious virus or soluble 
antigen in these cells. Since interfering activity in hog 
cholera virus preparations could not resist pH 2 dialysis, they 
concluded that the interference was due to other factors than 
interferon. Strains of BVD virus are capable of suppressing 
interferon production by cell cultures treated with interferon-
inducing viruses. Diderholm and Dinter e^ (25) reported 
that a noncytopathogenic as well as a cytopathogenic strain of 
BVD suppressed the induction of interferon by Newcastle disease 
virus. However, their observations indicated that BVD virus is 
sensitive to interferon. These authors also reported that 
cultures infected with a noncytopathogenic BVD strain were 
resistant to a cytopathogenic BVD strain but completely suscep­
tible to heterologous viruses such as pseudorabies, foot and 
mouth disease, a bovine enterovirus and Newcastle disease virus. 
The results led them to conclude that the interference phenomenon 
was not mediated by interferon and that, in fact, BVD virus 
was unable to induce interferon synthesis. Singh (86) confirmed 
that a noncytopathogenic BVD strain interfered with cytopathogenic 
BVD viruses but had no effect on unrelated viruses. 
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Characterization and C?assification of BVD Virus 
In a recent classification scheme, Wilner (105) has placed 
BVD viruses among the "RNA-helical-enveloped viruses." Biirki 
(19) has proposed their inclusion in a i;ew group designated 
"hemoviruses" which would include the viruses of BVD, hog 
cholera, equine arteritis and possibly human serum hepatitis. 
Hermodsson and Dinter (52) reported that 3VD virus was 
ether sensitive and grew in the presence of iododeoxyuridine. 
Filtration and electron microscopy indicated a particle size of 
40 nm. Dinter (26) concluded that hog cholera viruses shared 
these properties with BVD. Also, both viruses were somewhat 
resistant to trypsin digestion. Gutekunst (47) observed that 
these properties also characterized a new cytopathogenic BVD 
isolate. 
Hafez et a^. (49) gave the size of BVD virus as between 
46 and 60 nm depending on the method of preparation for electron 
microscope observation. They also saw dense inner cores of 24 
to 26 nm in diameter. Mayr ejt al. (69) , Cunliffe (23) and 
Horzinek et a^. (54) reported an outer diameter of 40 nm and 
a core of 2 8 nm by electron microscopy for hog cholera virus. 
- 3 
The buoyant density of the virus was 1.15 to 1.16 g x cm 
Tanaka et al, (94) and Gutekunst (47) were able to filter 
BVD virus through 50 nm filters while Fernelius (30) observed 
that the virus passed through 50 nm filters and in a few 
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instances through 25 nm filters.^ In a later publication 
Fernelius (32) reported that the filtrability of BVD viruses 
was strongly influenced by freeze-thaw treatments or prolonged 
storage. Cytopathogenic strains became filtrable through 50 nm 
filters after prolonged storage while noncytopathogenic strains 
passed through 100 nm filters only after freeze-thaw treatments. 
He reported no infectivity that was filtrable through 25 nm 
pores. Fernelius also determined that the buoyant density of 
_ 3 
BVD virus is 1.15 g x cm (31) and that the infectivity from 
fresh virus materials could be recovered in two distinct peaks 
from the eluates of agarose chromatography columns (33). 
Intracellular Steps in BVD Virus Replication 
Gratzek (45) reported that adsorption of cytopathogenic 
BVD virus was very rapid, being nearly completed in 30 minutes. 
He also observed that cell associated infectivity increased 
between 8 and 10 hours after infection and that virus was 
released 4 hours later. Gillespie et a^. (44) noted increases 
of cell-associated and free virus at 10 to 12 hours after 
inoculation of cells with various cytopathogenic BVD strains. 
They also observed that the virus concentrated in the supernatant 
fluids and suggested that the complete infective particle is 
formed in the cytoplasm of the cell. With another cytopathogenic 
^The Millipore Filter Corporation has supplied these filters 
designating their pore size as 10±2 nm in the past. Recent 
measurements give their pore size as 25±3 nm. 
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strain, increases of intracellular virus were noticed at 6 hours 
by Gutekunst (47) and extracellular virus was detectable at 9 
hours. 
Gutekunst and Malmquist (46) observed that BVD viruses 
produced a soluble antigen that was separable from the infec­
tious particle. This antigen crossreacted with a similar 
antigen produced by hog cholera virus, as reported by 
Darbyshire (24). The soluble antigen of BVD virus was ether 
resistant, trypsin sensitive and pH 3 sensitive. It was 
produced at 3 hours after infection and was later incorporated 
into virions, according to Gutekunst and Malmquist (4 8). 
Various investigators have used fluorescent antibody 
techniques to determine the intracellular sites of viral 
antigen production. Mengeling et (70) observed cytoplasmic 
fluorescence in BVD infected cells treated with specific fluo­
rescent antibodies. In sequential studies, Fernelius (34) 
described an "early" nuclear followed by cytoplasmic fluores­
cence. With hog cholera virus, Mengeling et a]^. (71), 
Robertson e;t al. (78) and Aynaud (5) reported a distinct 
cytoplasmic fluorescence. In sequential studies, Solorzano 
(90) recognized a faint nuclear fluorescence that was followed 
by marked cytoplasmic localization. 
Information on the intracellular site of viral genome 
synthesis can be valuable in studies of virus-host cell 
relationships. Such data is available for a number of 
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unrelated lipid enveloped-RNA viruses, but has not been obtained 
to date for BVD or hog cholera viruses. Scholtissek et al. 
(82) detected a change in the amount and type of RNA synthesized 
by the nucleus of cells following infection with fowl plague 
virus. They concluded that this represented RNA synthesis 
directed by the genome of the myxovirus. Wheelock (103) 
reported that Newcastle disease virus, a paramyxovirus, repli­
cated its RNA in the cytoplasm. Bukrinskaya et (17) pro­
vided evidence that Newcastle disease virus replicated its 
genome in the nucleolus from where it was rapidly transported 
to the cytoplasm. Experiments utilizing long pulses of radio­
active label gave results similar to those of Wheelock. In 
previous papers, Bukrinskaya and Zhdanov (15) and Bukrinskaya 
(16) had reported that a paramyxovirus increased the synthesis 
of RNA in the nucleolus while a myxovirus caused a corresponding 
increase in the extranucleolar part of the nucleus of actinomycin-
treated cells. Ter Meulen and Love (96) saw intranuclear and 
cytoplasmic RNA inclusions in cells infected with a myxovirus, 
influenza. They reported that although the nuclear inclusions 
seemed to appear before those in the cytoplasm? some cells only 
had cytoplasmic inclusions. Recently, Skehel and Burke (87) 
obtained evidence that fowl plague virus replicates its RNA in 
the cytoplasm of the host cell. The authors also saw increases 
in nuclear RNA synthesis of infected cells which could have been 
virus-directed. Western equine encephalitis virus, an 
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arbovirus, replicated its RNA in cytoplasmic structures, 
according to Wecker and Richter (101). This observation was 
extended by Friedman and Berezesky (40) and Ben-Ishai et al. 
(12) to other arboviruses. 
Experimentation concerned with the culture of viruses in 
the presence of actinomycin D, a transcriptase inhibitor, has 
led to a suggestion that sensitivity of viruses to this drug be 
used as a criterion of virus classification. A number of 
viruses were classified by Reich (77) on their ability to grow 
in the presence of various levels of actinomycin D. He grouped 
them as sensitive, intermediate or indifferent. He suggested 
that sensitive viruses, such as fowl plague virus required the 
presence of functional cellular DNA during their replication. 
Reich also reported that Rous sarcoma virus (a lipid enveloped-
RNA virus) was sensitive to the druj only during the first 10 
hours of replication. Barry (11) and White and Cheyne (104) 
found that fowl plague and influenza virus were sensitive to the 
drug only during the first 2.5 hours of replication. Pons (75) 
correlated this sensitivity to actinomycin D with the destruction 
of replicative forms of influenza virus in the presence of the 
drug. Reports by Schaffer and Gordon (84) and Cooper (20) on 
the sensitivity of certain strains of enteroviruses to 
actinomycin D, also described a drug sensitivity that was mani­
fested only during the first 2 hours of replication. Hog 
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cholera virus grew in the presence of actinomycin D, according 
to Aynaud (5). There have been no observations reported on 
the effect of the drug on BVD replication. 
Viral Induced Cell Death 
The capacity to kill host cells has been a well recognized 
property of many viruses. In an early but comprehensive review. 
Walker (100) suggested that diversions of metabolism induced in 
the infected cell by the virus-directed synthetic processes 
were the cause of cell death in most systems. In some instances, 
however, products of virus-directed synthesis seemed to bring 
about cellular alterations. These included a viral toxin sepa­
rable from the adenovirus infectious particles and cellular 
antigens released from poliovirus-infected cells. 
*R M 4- V* -V-TV» 5 1 1 1 O /-« O 1 <r* 4- V* ^  4-  ^ 1^ 4 1 1 ^  V-> * T 
i C. V U. ^  *3 f U. C* C; J'V -L. U- J. ^  VA Jf 
viruses do not stain with neutral red. Therefore, neutral red 
has been routinely used to enhance the visibility of virus 
plaques. Allison and Malucci (2) observed the effect of infec­
tion with a variety of viruses on the uptake of neutral red by 
cell lysosomes. They correlated this uptake with the degree 
of staining of the cells and the release of various hydrolytic 
enzymes from lysosomes. Isolates of Newcastle disease virus 
that produced red plaques also increased the incorporation of 
neutral red into cell lysosomes with minor release of enzymes. 
These effects were reversible with time. Viruses that produced 
15 
white (clear) plaques irreversibly inhibited the incorporation 
of neutral red into lysosomes and caused extensive release of 
enzymes. Viruses that did not produce plaques failed to affect 
the lysosomes. 
The alteration of lysosomes by mengovirus has been studied 
by Amako and Dales (4). They observed that a "late" viral 
protein synthesized between 3 and 5 hours after infection was 
responsible for the lethal effect on the host cell. The lethal 
effect was measured by vital staining and was correlated to the 
leakage of enzymes from lysosomes. Bubel (13) detected cell 
injury by the leakage of proteins from cells infected with 
poliovirus. He also reported that a "late" protein produced by 
the virus from 3 to 5 hours after infection was responsible. 
Preliminary isolation of this viral protein from the cytoplasm 
of infected cells has been reported (97) . By sequential 
chemical inactivation of the genome of fowl plague virus, 
Scholtissek e^ a2. (83) destroyed the ability of this virus to 
kill cells and to produce neuraminidase. This treatment did 
not affect the production of viral RNA or nucleocapsid antigen, 
indicating that the size of the gene for the cytotoxic viral 
protein vjas similar to that for neuraminidase. 
Bablanian et al. (7) and Amako and Dales (4) have sug­
gested that the capsid protein of poliovirus and mengovirus 
was cytotoxic. However, infection of certain host cell types 
with mengovirus resulted in death of the host cells without 
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production of viral capsid protein (14). Gauntt and Lockart 
(41) observed that mengovirus killed interferon treated cells 
even though only a small proportion of the cells were actually 
synthesizing viral coat protein. They concluded that either 
the coat protein was not cytotoxic or that it was toxic in such 
minute amounts as to not be detectable by fluorescent antibody 
and serum-blocking techniques. 
Recent studies using improved techniques to detect macro-
molecular synthesis have provided additional information about 
the phenomena associated with virus-induced cell death. Experi­
mental infections with poliovirus (81), Newcastle disease virus 
(102), herpesvirus (93) and vaccinia virus (72) produced marked 
inhibitions in cellular DNA, RNA and protein metabolism. 
The mechanisms by which alterations in macromolecular 
synthesis take place has been described for some virus-host 
cell systems. Mengovirus, an agent very similar to poliovirus, 
synthesizes an "early" protein which has the properties of a 
histone (9) and inhibits the cellular transcriptase (38). This 
results in inhibition of cell-directed RNA synthesis and 
indirectly produces inhibition of cell protein and DNA synthesis. 
Adenoviruses synthesize "late" proteins with inhibitory prop­
erties (63). The most important of these is the fiber antigen, 
a protein that is incorporated into the mature virus particle. 
The fiber antigen binds to the cell DNA and prevents synthesis 
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of cellular DNA and RNA, thereby indirectly inhibiting protein 
synthesis. 
Attempts to establish an association between virus-induced 
lysosomal alterations and inhibitions of cellular metabolism 
have led to the conclusion that even marked inhibitions of 
cellular DNA, RNA and protein synthesis will produce only 
belated cytopathology. Bablanian e;t a^. (6) observed that 
treatment of poliovirus-infected cells with guanidine did not 
prevent inhibitions of cellular metabolism but markedly delayed 
the appearance of cytopathology. According to Plagemann and 
Swim (74), mengovirus infection of certain cell lines resulted 
in cell death even though the virus was unable to inhibit the 
cell transcriptase. 
The relationship between virulence in animals and lethal 
effect in cell cultures has been studied with two strains of 
mengovirus by Amako and Dales (4). These workers observed 
that the strain which formed large plaques also produced large 
amounts of cytotoxic protein and killed mice at approximately 
3 days after inoculation. A small plaque strain of virus 
produced less cytotoxic protein and required a longer time 
interval (5 to 6 days) to kill mice. 
19 
MATERIALS AND METHODS 
Cell Cultures 
The water used in all procedures and solutions was steam 
condensed, demineralized, distilled over glass and stored in 
plastic carboys. It routinely contained less than 0.05 P.P.M. 
of sodium chloride equivalents when measured by conductivity. 
All glassware was washed, rinsed and dry-heat sterilized to 
standards appropriate for tissue culture. 
Calf testicles were obtained fron a commercial abbatoir in 
Dubuque, Iowa. The parenchyma of these organs was removed, 
minced and trypsinized. Dispersed cells were suspended at a 
concentration of 1.5 million cells/ml in a growth medium that 
consisted of Hanks' Balanced Salts Solution (BBSS)^ supplemented 
with 10% heat inactivated lamb serum^, 1 g/liter of lactalbumin 
2 1 hydrolysate , 1 X Basal Medium Eagles Vitamin Solution and 
3 
antibiotics. After seeding in 15 x 60 mm tissue culture plastic 
petri dishes, plastic flasks^, or glass tubes, uniform monolayers 
^Grand Island Biological Company, Grand Island, New York. 
2 Difco Laboratories, Inc., Detroit, Michigan. 
^E. R. Squibb and Sons, New York, New York. Antibiotics 
were added in a concentration of 100 units/ml of penicillin 
and 100 yg/ml of streptomycin to all solutions requiring 
bacteriostatic activity. 
"palcon Plastics, Los Angeles, California. 
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with characteristic fibroblastic morphology were obtained in 3 
days. Tube cultures were incubated in stationary racks for 
only 12 to 24 hours to obtain suitable numbers of viable cells 
for experiments requiring a high multiplicity of infection with 
virus. All cell cultures were washed once prior to use in any 
experiment. The washing solution was saline modified to 
contain 1 g/liter of lactalbumin hydrolysate and antibiotics. 
Cell cultures were maintained in a medium consisting of Basal 
Medium Eagles with glutamine^ supplemented with 5% heat 
inactivated horse serum^, 1.1 g/liter of sodium bicarbonate 
and antibiotics. This standard maintenance medium was supple­
mented or substituted by other solutions as needed for individual 
experiments. 
Virus Strains 
The Oregon C24V strain (C24V)^, and the New York 1 strain 
-a 
(NYl) of BVD virus were used in this study. The C24V strain 
was a cytopathogenic virus used in commercial modified live-
virus vaccines while the NYl strain was a noncytopathogenic 
virus. The ISU-2 strain of infectious bovine rhinotracheitis 
•^Grand Island Biological Co., Grand Island, New York. 
2 Supplied by Dr. C. J. Welter, Diamond Laboratories, Inc., 
Des Moines, Iowa. 
3 Obtained from Dr. J. H. Gillespie, Cornell University, 
Ithaca, New York. 
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(IBR-ISU-2), the LCR-4 strain of bovine enterovirus (BE-LCR-4), 
and vesicular stomatitis virus (VSV) were used as test viruses.^ 
The C24V strain was passaged an undetermined number of 
times in cell cultures of bovine origin while the NYl strain 
was passaged twice in bovine kidney cells when received. Both 
strains were used throughout this study at the third to seventh 
passage level in primary bovine testicle cells. Lots of each 
of these viruses were grown in 250 ml plastic bottles and 
harvested at the time the monolayers exhibited 75% CPE or at 
4 days in the case of NYl virus. Each bottle was frozen and 
thawed once and the fluids were harvested, centrifuged at low 
speed to remove cell debris and stored at -70 C. Sham lots 
were prepared in the same way as the NYl virus lots except no 
virus was inoculated. 
Infectivity Assays 
All virus strains were assayed for infectivity by a plaque 
method with the exception of the NYl strain. Two petri dishes 
with cell monolayers were exposed to 1 ml aliquots of each 
dilution of virus in saline G. The virus was adsorbed for 1 
hour at room temperature and was then discarded. The monolayers 
were overlayed with 5 ml of maintenance medium containing 1% 
•^Stock virus preparations from the Department of Veterinary 
Microbiology and Preventive Medicine, Iowa State University, 
Ames, Iowa. 
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Noble agar^. After incubation until visible virus plaques 
were seen, a second overlay consisting of 0.01% neutral red 
and 1% Noble agar in water to render the virus plaques highly 
visible was added. 
An interference test was used to assay infectivity with the 
NYl strain. One milliliter aliquots of each virus dilution 
were adsorbed onto 3 replicate plates, and the monolayers were 
covered with 2 ml of the standard maintenance medium. After 
incubation for 3 days, the medium was discarded and the plates 
challenged with a known quantity of the C24V strain. A reduction 
in the number and size of plaques formed by the challenge strain 
was taken as evidence of the presence of NYl virus and the titer 
was expressed as the 50% infectious dose (iD^g/ml). 
Characterization of Virus Strains 
The C24V and NYl strains were characterized serologically 
and biochemically to confirm their classification as BVD strains. 
Virus neutralization tests, using the constant virus (approxi­
mately 100 infectious units) - decreasing serum technique, were 
performed with an antiserum prepared in rabbits against the 
NADL strain of BVD virus. The endpoint read was the dilution 
of serum that completely neutralized the infectivity of the 
fixed quantity of virus. 
^Difco Laboratories Inc., Detroit, Michigan. 
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Tests for sensitivity to lipid solvents were conducted by 
mixing 2 ml of chloroform with 8 ml of a chilled virus dilution 
and shaking thoroughly for 10 minutes. After low speed cen-
trifugation to separate the chloroform to the bottom phase, 
the upper 1 ml of the aqueous phase was withdrawn and assayed 
for infactivity. A 10 ml aliquot of the same virus dilution 
was shaken, centrifuged, assayed in the same manner, and served 
as an untreated control. The BE-LCR-4 strain, a known 
chloroform-resistant virus, was run in parallel to provide a 
negative control for the test. 
To determine the type of nucleic acid present in the 
viruses, titrations were performed using a plaque or plaque 
interference method with 0.05 yM/ml of 5-iododeoxyuridine^ in 
the maintenance overlays. Control titrations were run simulta­
neously without drug treatment. The IBR-ISU-2 strain was used 
as a known DNA virus that was inhibited by the thymine analogue 
when tested in parallel. 
Assay for Interference 
To test for viral interference in various preparations, a 
procedure similar to the plaque reduction assay for interferon 
(76) was used. Washed cell monolayers grown in petri dishes 
were covered with 1 ml aliquots of the material to be tested. 
^Nutritional Biochemicals Corporation, Cleveland, Ohio. 
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Eight hours later the material was discarded, and the 
monolayers were challenged with the appropriate virus. The 
cultures were overlayed with agar-containing maintenance medium 
as described previously. Activity was measured as percent of 
average plaque reduction with respect to appropriate controls. 
In most cases 4 replicate plates were used for each preparation 
tested. 
Separation of Infectivity from Interfering Activity 
Several procedures were used in attempts to separate 
infectious virus particles from the interfering activity demon­
strated by the NYl strain. Filtration through 25 nm pore 
filters^ was performed using micro-syringe filter holders^. 
Test material was also dialyzed against a pH 2.0 saline solution 
for 48 hours. It was then dialyzed back to pH 7.2 in HBSS 
lacking phenol red for 48 hours at 4 C. To irradiate materials 
with ultraviolet light, a volume of sample that gave a layer of 
2 mm in thickness in a petri dish was exposed to 2100 erg x 
sec ^ X cm~^ for 10 minutes on a rotator at 210 rpm. Ultra-
centrifugation techniques were also used to remove virus 
particles from the supernatant fluid of test materials. Samples 
were centrifuged at 100,000 G for 1 hour in the No. 40 angle 
rotor or at 120,000 G for 20 hours in the SVJ56 swinging bucket 
Viillipore Corporation, Bedford, Massachusetts. 
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rotor of a Beckman L2-65 centrifuge. Column chromatography 
was also used in these attempts to separate infectivity from 
interfering activity. Beds of Biogel P30, P60 and P150^ were 
prepared in 300 x 25 ram descending chromatography columns in 
HBSS. Chromatographed samples were either unpurified virus 
lots or virus lots that had been passed through 25 nm filters. 
These were concentrated by ultrafiltration on Diaflo UM-3. 
2 
membranes , which had a cutoff point of 1,000 daltons. Since 
each sample consisted of horse serum-containing standard 
maintenance medium plus viral and cellular products, the 
globulins and albumin of the serum were used as markers of known 
molecular weight. These were easily detected in the eluted 
fractions by their absorbance at 280 nm on an ISCO model UA-2 
flow analyzer^. The elution buffer used was HBSS, prepared 
without phenol red to minimize background absorption. 
For one experiment, ultrafiltration on XM50 membranes 
with a cutoff point of 50,000 daltons was utilized to obtain 
virus samples free of measurable interfering activity of low 
molecular weight. The unpurified virus was diluted 1:5 in HBSS 
and concentrated back to its original volume by ultrafiltration. 
All procedures were carried out in such a way as to minimize 
Calbiochem., Los Angeles, California. 
2 Amicon Corporation, Cambridge, Massachusetts. 
q 
"Instrumentation Specialties Company, Lincoln, Nebraska. 
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bacterial growth in the fractions. All fractions were sterilized 
by filtration before use in interference assays. 
Virus Purification 
For experiments where high multiplicities of infection 
(m.o.i) of C24V or NYl virus were required, the virus-containing 
maintenance medium was clarified by centrifugation at 10,000 G 
for 10 minutes to remove subcellular particles. No substantial 
loss of infectivity resulted from this treatment. The 
supernatant material was further purified by gel filtration on 
Biogel P300 chromatography columns using HB3S as the elution 
buffer. Infectivity was excluded from these columns as a 
fraction that could be detected by its light-scattering 
properties and which was separable from the serum protein-
containing fractions detected by their absorbance at 280 nm. 
This procedure routinely yielded 100% cf the initial infectivity 
as partially purified virus that was freed of material of 
300,000 daltons or less. It was stored at -70 C until used. 
Virus Growth Curves 
Cell sheets grown for 48 hours in 30 ml flasks were used 
for virus growth curve experiments. Ten replicate flasks were 
infected with 2 ml of maintenance medium containing a 1/20 to 
1/50 dilution of C24V or NYl virus providing a m.o.i. of 0.4 
infectious units per cell. The flasks were returned immediately 
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to the 37 C incubator and the time recorded as 0 hours. At 2 
hours the medium was discarded and all flasks were washed 5 
times with 1 ml aliquots of warm saline G. This step removed 
all unadsorbed virus particles and was followed by the addition 
of 2 ml of warm maintenance medium. Each of two flasks were 
sampled for intracellular and extracellular virus every 3 
hours, from 3 to 15 hours after infection. To sample for 
extracellular virus, the 2 ml of medium from each flask were 
collected in sterile vials. Two ml of maintenance medium 
were added to the infected cell sheets and the flasks were 
frozen in an ethanol-dry ice mixture. Rapid thawing in a 37 C 
waterbath disrupted the cells and released intracellular virus 
into the medium. The samples for extracellular virus were 
also submitted simultaneously to a freezing and thawing cycle 
to account for any loss in infectivity due to this process. 
The samples were frozen again in ethanol-dry ice and stored 
at -70 C until they were assayed. Infectivity assays were 
performed on each sample as described previously and the 
results recorded as the log of PFU/ml or ID^^/ml. An addi­
tional growth curve experiment was performed with partially 
purified C24V by the procedure delineated above. In this 
experiment the m.o.i. was 4.0 and 5 samples were taken 
beginning at 7 hours after infection and at 8 hour intervals 
thereafter. 
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Effect of Actinomycin D on ^24V Virus Growth. 
A modification of the proc«= for virus growth 
curve studies was applied to d v-: .he effect of actinomycin 
on the growth of C24V virus. replicate flasks that 
were overlayed with standard maintenance medium 1 hour prior 
to infection, 2 were treated with 0.1 yg/ml of actinomycin D 
for the duration of the experiment, 2 were treated with the 
same level of drug from 3 hours after infection onward and 2 
were left untreated. All flasks were infected simultaneously 
with a m.o.i. of 0.03 and processed by methods utilized in 
virus growth curve experiments. A sample of extracellular 
virus was taken from each flask at 3 hours, fresh maintenance 
medium was added, and another sample of extracellular virus 
was taken at 12 hours. 
Leighton tubes containing 12-hour cell cultures were 
infected with a m.o.i. of 20 of partially purified C24V or 
NYl virus in 1 ml of standard maintenance medium or were left 
uninfected in the same medium. At specified times after 
infection, tubes were pulsed with 0.2 ml of saline containing 
2 3 yc of uridine-5-H^ (24c/mM) in an 800-fold excess of 
unlabeled thymidine to prevent the incorporation of label into 
Merck and Company, Incorporated, Rahway, New Jersey. 
2 New England Nuclear Corporation, Boston, Massachusetts. 
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DNA. Exactly 30 minutes after pulsing, the coverslips were 
fixed in ice-cold Carney's fixative for 10 minutes. The cover-
slips were transferred to 70% ethanol and held at 4 C until 
processed further. Some coverslips were processed without a 
pulse to obtain data for background corrections. All cover-
slips were treated in 5% trichloroacetic acid for 10 minutes 
at 4 C, rinsed twice in distilled water, air dried, and 
mounted cell-side up on microscope slides with Permount^. 
Autoradiographs were prepared by dipping each slide in melted 
NTB-3 liquid emulsion diluted in an equal volume of water 
and exposing the films for 3 days at -18 C in a light-tight 
box (1). Slides were developed, fixed and stained through 
the emulsion film with Giemsa stain. 
All slides were examined under the microscope at a magni­
fication of 2,000 and the number of grains contained in the 
cytoplasm and nucleus of each of 100 randomly chosen cells 
was recorded. The number of grains counted in 10 random 
microscope fields containing no cells was also recorded for 
each slide. Each nuclear and cytoplasmic count was corrected 
for background radiation by using average background values 
proportional to the number of grains per field found in that 
slide. Corrections for cell compartment geometry and self 
Tisher Scientific Company, Fair Lawn, New Jersey. 
2 Eastman Kodak Company, Rochester, New York. 
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absorption were performed on each count as described by Perry 
et al. (73) . Adjusted counts were used for appropriate 
statistical analysis. 
Metabolic Inhibitions 
Disposable glass tubes containing 24-hour cell cultures 
were used to measure the rates of synthesis of DNA, RNA and 
protein in C24V or NYl virus-infected cells. The tubes were 
infected with a m.o.i. of 2.2 of partially purified C24V or 
NYl virus in 1 ml of standard maintenance medium or were left 
uninfected in the same medium. Radiotracer pulses in 0.2 ml 
of saline G were added at specified times. DNA synthesis was 
measured with 4 uc pulses of thymidine-methyl-5-H^ (67.5c/mM)^, 
RNA synthesis with 3 yc pulses of uridine -5-H^{24c/nM)^ in an 
800-fold excess of unlabeled thymidine, and protein synthesis 
was measured with 1 ]ic pulses of a mixed UL-C^^-amino acid 
mixture . Following a 30 minute pulse the tubes were removed 
from the incubator, frozen in liquid N^ and stored at -18 C, 
Unpulsed tubes were also treated in this manner and used for 
background determinations. The tubes were thawed in ice-cold 
water and 1 ml of 20% ice-cold trichloroacetic acid was added 
with thorough mixing. After the tubes were allowed to stand 
^New England Nuclear Corporation, Boston, Massachusetts. 
9 _ 
"International Chemical and Nuclear, City of industry, 
California. 
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for 10 minutes at 0 C, they were centrifuged for 5 minutes at 
200 G. The precipitate was washed in cold 80% ethanol followed 
by absolute ethanol with 50% ether. The washed precipitates 
were solubilized in 1 ml of NCS solution^, 14 ml of toluene-
based scintillation solution was added and the mixture trans­
ferred to glass counting vials. Activity was measured as 
counts per minute (CPM) in a TriCarb 3375 liquid scintillation 
2 
spectrometer . These were corrected for quenching effects 
to disintegrations per minute (DPM) with correction factors 
derived from calibration curves. The DNA, RNA and protein 
synthesis rates in infected cells were expressed as per cent 
of control synthesis rates. 
To test for specificity of labeling, frozen tubes were 
thawed in a 37 C waterbath and 1 ml of a 0.1% solution of 
3 3 deoxyribonuclease", a 0.01% solution of pancreatic ribonuclease 
or 0.2% trypsin in saline were added. Digestion was allowed 
to proceed for 30 minutes at 37 C and was terminated by chilling 
and precipitation with trichloroacetic acid. Processing for 
counting of radioactivity was by procedures indicated previously. 
^Amersham-Searle, Des Plaines, Illinois. 
2 Packard Instrument Company, Downers Grove, Illinois. 
^Nutritional Biochsmicals Corporation, Cleveland, Ohio. 
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Leakage of Proteins 
To measure the leakage of proteins from virus-infected 
cells, 18 hour cell cultures in 60 x 15 ram plastic petri dishes 
were labeled with 1 yc of UL-C^''-leucine (180 mc/mM) ^ in 2 ml 
2 
of HBSS containing 5% inactivated horse serum. Following 
exposure of the cells to the label for 18 hours, the medium 
was discarded and the plates washed 3 times with saline G to 
eliminate unbound label. 
Cultures were then infected with a m.o.i. of 1.3 of 
partially purified C24V or NYl virus in 2 ml of standard 
maintenance medium or left uninfected as controls. At specified 
times, the supernatant from these plates was harvested to 
determine the amount of leakage of labeled cellular proteins. 
The supernatant fractions were centrifuged at 200 G for 5 
minutes to eliminate free cells and were frozen in liquid 
prior to storage at -18 C. The fractions were thawed and the 
acid-insoluble label was precipitated with 2 ml of ice-cold 
20% trichloroacetic acid. These precipitates were further 
processed for scintillation counting as previously described, 
counted, and the activity expressed as DPM of extracellular 
''"labeled protein. 
^Schwartz Bioresearch, Inc., Orangeburg, New York. 
2 Grand Island Biological Company, Grand Island, New York. 
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Inhibition of Protein Leakage 
Puromycin", a translation inhibitor, and actinomycin D, 
a transcription inhibitor, were used in an attempt to inhibit 
the leakage of cellular proteins induced by C24V virus 
infection. Cultures of -protein labeled cells were 
infected with a m.o.i. of 3.5 of C24V virus in 2 ml of standard 
maintenance medium. Pulses of 50 ug/ml of puromycin or 0.1 
yg/ml of actinomycin D in 2 ml of warm maintenance medium were 
added to plates at specified times, after removing the 2 ml of 
virus inoculum. Sham pulses of maintenance medium without 
drug were added to another set of cultures. The duration of 
the pulses was 1 or 2 hours and at the end of this period the 
pulsed plates were washed twice with warm saline G. The 
cultures were overlayed with 2 ml of warm maintenance medium 
and incubated until 30 hours following infection. At that 
time all supernatants were harvested for protein leakage 
determinations as described previously. 
•^Nutritional Biochemicals Corporation, Cleveland, Ohio. 
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RESULTS 
Characterization of Virus Strains 
The C24V and NYl strains were neutralized by a 1:32 
dilution of the rabbit anti-BVD-NADL serum. As shown in Table 
1, both viruses were sensitive to chloroform but were not 
affected by the addition of iododeoxyuridine. This confirmed 
that both were RNA viruses that possessed lipid envelopes and 
antigenic characteristics of BVD viruses. 
Table 1. Characterization of C24V and NYl viruses by chloroform 
sensitivity and growth in the presence of 
iododeoxyuridine 
Chloroform Iododeoxyuridine 
Virus Strain^ Untreated 20% 0.05 yM/ml 
C24V^ 1.1 X 10" 0 3.5 X 10^ 
NYl^ 1.1 X 10^ 5.5 X 10° 3.2 X 10% 
BE-LCR-4^ 8.0 X 10- X 
o
 
in 10 5 N. D. ^ 
IBR-ISU-2^ 1.2 X 
o
 
H
 N.D d 0 
C24V and NYl strains of BVD virus, LCR-4 strain of bovine 
enterovirus and ISU-2 strain of infectious bovine 
rhinotracheitis. 
^Titer in PFU/ml. 
^Titer in ID^^/ml. 
^Not done. 
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Filtration experiments were conducted to determine the 
ability of BVD virus infectivity to pass a 25 nm filter. A 
reduced but detectable amount of infectivity from both viruses 
passed the filter (Table 2). 
Table 2. Filtration of C24V and NYl viruses through 25 nm 
filters 
Virus Unfiltered Filtered 
C24V 1.3 X 10"^ 4 X 10^ 
NYl 1.8 X 7 X 10= 
^Titer in PFU/ml. 
^Titer in ID^./ml. 
Unfiltered and 25 nm filtered C24V virus was characterized 
by dialysis to pH 2, trypsin digestion and ribonuclease diges­
tion. In Table 3, the results of such tests are presented. 
The 25 nm filtrable infectivity resembled unfiltered virus in 
its sensitivity to pH 2 and resistance to ribonuclease attack, 
but was more sensitive to trypsin activity. 
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Table 3. Comparison of characteristics of unfiltered and 
25 nm filtered C24V virus 
No Dialysis Trypsin^ Ribonuclease^ 
Virus treatment to pH 2 Digestion Digestion 
Unfiltered 4.3 x lo^ 0 1 x 10^ 5.1 x 10^ 
C24V 
25 nm filtered 2.8 x 10^ 0 0 2.8 x 10= 
C24V 
^0.1% trypsin for 30 minutes at 37 C, stopped by adding 
2 mg/ml of soybean trypsin inhibitor and chilling. 
^Ribonuclease 50 yg/ml for 30 minutes at 37 C. 
Separation of Infectivity from Interfering Activity 
Since filtration through 25 nm filters did not eliminate 
infectivity, other procedures were required. Gel filtration 
was resorted to in an attempt to prepare fractions which had 
interfering activity but were free of infectivity. Typical 
elution profiles from P60 columns are depicted in Figure 1. 
Unexpectedly, the 25 nm filtered sham material possessed low 
levels of activity in 2 peaks, one of them excluded and the 
other retained by the column. No enhancement of challenge 
virus was seen with any fractions from sham materials. Fractions 
obtained from the ascending part of a NYl curve gave enhancing 
activity. However, fractions from the peak and descending part 
of the curve yielded materials with interference activity. 
Figure 1. Interfering activity against C24V virus 
in fractions obtained from P60 columns. 
Samples of NYl virus, C24V virus or 
sham material were filtered through 25 
nm membranes and concentrated 14 X by 
ultrafiltration. The interfering 
activity of each fraction was recorded 
as percent plaque reduction with respect 
to control petri plates. Enhancement 
was recorded as log^o of fraction from 
controls. The horse serum proteins were 
detected by absorbance at 280 nm 
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Figure 2. Interfering activity against C24V virus 
in fractions obtained from a P30 column. 
The sample used was NYl virus filtered 
through 25 nm membranes 
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Although assays for infectivity were not performed, it was 
assumed that some infectious virus was present. This assump­
tion was made since viral infectivity passed through 25 nm 
filters and was excluded from the P60 column. Assays of 
fractions from the retained peak also showed interfering 
activity. It was assumed that these fractions were free of 
infectious virus since the corresponding C24V fractions lacked 
infectivity. A number of peaks of interfering activity were 
obtained from a 25 nm filtered C24V sample. A fraction that 
had a strong enhancing effect on the C24V challenge was 
collected from the column in advance of those fractions with 
interfering activity. This enhancing effect was due to the 
presence of 25 nm filtrable infectivity in the sample. 
A 25 nm filtered NYl virus preparation passed through a 
P30 column yielded a fraction that eluted following all de­
tectable horse serum protein markers (Figure 2). Retention of 
this material on the column would indicate a molecular weight 
of 30,000 or less. 
Centrifugation and filtration were utilized to further 
characterize the interfering activity of pH 2 dialyzed NYl and 
C24V materials. Preparations that were filtered or centrifuged 
after pH 2 dialysis were assayed for interfering activity and 
compared to controls. A Poisson distribution of plaque counts 
was assumed and a Chi-square test (89) was used to determine 
the significance of the observed differences. Significant 
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activity was seen in all pH 2 dialyzed materials as evidenced 
in Table 4. No differences in activity were noticed after 
filtration through a 25 nm filter or ultracentrifugation at 
100,000 G for 1 hour. 
Table 4. Interfering activity against C24V virus of pH 2 
dialyzed NYl virus before and after removal of 
viral components 
Average plaque Percent plaque 
Treatment counts reduction 
Maintenance medium 82 .7 
pH 2 dialyzed virus 25 .5^ 69 .2 
pH 2 dialyzed - 25 nm filtered 
virus 
29 .7^ 64 .2 
pH 2 dialyzed - centrifuged 
virus 
(100,000 G for 1 hour) 
34 .0^ 58 .9 
^Statistical comparisons of plaque counts between pH 2 
dialysed NYl virus and maintenance medium (p<0.005) . 
The interfering activity of pH 2 dialyzed NYl preparations 
against various viruses is shown in Table 5. A significant 
reduction in the number of challenge plaques of C24V and VSV 
in comparison to maintenance medium-treated plates was noted, 
but the material had no significant effect on IBR or BE 
viruses. 
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Table 5. Antiviral spectrum of the interfering activity 
contained in pH 2 dialyzed NYl preparations 
Average plaque counts 
Challenge Maintenance pH 2 dialyzed Percent plaque 
virus^ medium NYl preparations reduction 
C24V 19.5 7.0^ 64.0 
VSV 25.3 6.7^ 73.5 
IBR-ISU-2 89.3 79.0 11.5 
BE-LCR-4 95.0 93.0 2.1 
C24V strain of BVD, vesicular stomatitis, ISU-2 strain of 
infectious bovine rhinotracheitis and LCR-4 strain of bovine 
enterovirus. 
^Statistical comparisons of plaque counts between pH 2 
dialyzed NYl preparations and corresponding maintenance medium 
(p<0.005). 
a number of sham lots obtained from different batches of 
cells were also examined for interfering activity that was 
resistant to pH 2 dialysis and active against VSV. Low levels 
of activity were present in all lots prepared before bacterial 
growth was detected on the walls of the plastic carboys used to 
store water for tissue culture use. After the plastic carboys 
were replaced by sterile glass containers to restrict the 
growth of bacteria, the sham and virus lots prepared did not 
contain interfering activity that was pH 2 resistant, active 
against VSV and of small molecular weight. 
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Association of Interference with Infectivity 
In some assays cultures infected for 3 days with NYl virus 
were collected and tested for infectivity. In every case and 
in all NYl dilutions tested, those fluids from cultures that 
resisted the challenge dose of C24V also contained infectious 
virus. Fluids from non-interfering cultures did not contain 
infectious NYl virus. When interfering monolayers were washed 
5 times prior to challenge, they remained refractory to the 
challenge virus. 
Ultracentrifugation and irradiation with ultraviolet light 
were used in attempts to remove the interfering activity 
associated with large molecular weight components of NYl virus 
preparations. These preparations were first treated by ultra­
filtration to remove materials with interfering activity that 
had a molecular weight of less than 50,000. The dose of ultra­
violet irradiation used was sufficient to reduce the infectivity 
of a parallel sample of C24V virus from 8 x 10® to 0.5 PFU/ml 
and ultracentrifugation reduced the infectivity of another 
sample from 8 x 10® to 1.5 x 10^ PFU/ml. The m.o.i. of NYl 
virus used in these trials was 0.2 which was sufficient to 
infect 12% of the cells in each petri plate with one infectious 
particle. These results are presented in Table 6. 
Significant interfering activity was produced by purified 
virus and irradiated purified virus preparations with only a 
slight difference detected between their activities. 
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Ultracentrifligation removed all interfering activity from the 
supernatant fluid. The interfering activity of these prepara­
tions was associated with either infectious or irradiated viral 
particles. 
Table 6. Interfering activity against C24V virus in ultra-
centrifuged or ultraviolet irradiated XM50-
purified NYl virus 
Average plaque Percent plaque 
Treatment counts reduction 
Maintenance medium 
NYl virus 
NYl virus, supernate of 
ultracentrifugation 
(120,000 G, 20 hours) 
NYl virus, irradiated 
129.7 
39.7^ 69.4 
139.7 <0 
62.0® 52.2 
^Statistical comparisons of plaque counts between NYl 
materials and maintenance medium (p<0.002). 
The interfering activity of large molecular weight com­
ponents in NYl and sham preparations was determined by the 
effect on C24V and VSV viruses. These preparations were 
obtained by filtration through 25 nm filters and subsequent 
exclusion from P150 columns to remove materials of molecular 
weight smaller than 150,000. Results are presented in Table 7. 
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Table 7. Interfering activity against C24V and VSV viruses 
in NYl and sham preparations containing only large 
molecular weight components 
Average plaque counts 
Treatment C24V challenge VSV challenge 
HBSS buffer 94.3 51.0 
NYl virus 51.7^ 34.0 
Sham lot 64.7 35.6 
^Statistical comparisons of plaque counts between NYl 
virus and the corresponding sham (p<0.05). 
The NYl and sham preparations showed significant interfering 
activity against both viruses. However, a fraction from a sham 
lot excluded by a P60 column (Figure 1) showed a corresponding 
peak of activity= Low levels of activity were detected against 
C24V virus but not against VSV virus in the NYl virus prepara­
tion. This was evidence that NYl virus preparations contained 
large molecular weight components which interfered with the 
homologous C24 V strain but did not interfere with other 
viruses. 
Virus Growth Curves 
The kinetics of viral replication were very similar with 
NYl and C24V viruses. After an intracellular phase of 10 to 11 
47 
hours, virus was released from cells as shown in Figure 3. 
Progeny intracellular and extracellular virus appeared at the 
same time, indicating that there was no intracellular accumu­
lation of infectious virus. 
The results of experimentation establishing a growth curve 
at higher m.o.i. are shown in Figure 4. Accumulation of intra­
cellular virus was not detected in this case either and the 
time of release of virus was comparable to that in the previous 
experiments. Also indicated in this figure are the times at 
which various cytopathologic changes were observed in cells 
infected with virus at a m.o.i. = 10. When unpurified C24V 
virus was used, a slight but transient cell shrinkage was 
observed 1 hour after infection. This effect was not observed 
when purified virus was used. Cellular alterations were 
observed at 19 hours after infection and cells detached after 
30 hours. No cytopathology of either transient or permanent 
nature was seen with any multiplicity of NYl virus = 
The effect of increased m.o.i. on the yield of extracellular 
virus after a single cycle of replication was determined in 
cell cultures infected with C24V virus at a m.o.i. of 1.3 or 90. 
The yield of virus from duplicate plates at 12 hours is 
presented in Table 8. No viral interference was demonstrated; 
with this high m.o.i. 
Figure 3. Growth curves of NYl and C24V virus. Cells 
were infected with a m.o.i = 0.4. Samples 
from duplicate flasks are averaged for each 
point 
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Figure 4. Growth curve of C24V virus. Cells were infected with 
a m.o.i. = 4 of partially purified (P300 excluded) 
virus. Samples from duplicate flasks are averaged 
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performed under phase optics on cells infected with 
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C24V virus 
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Table 8. Yield of extracellular C24V virus from cells infected 
with high and low m.o.i. after a single cycle of 
replication 
Multiplicity of Infection Yield in PFU/ml 
1.3 6 X 10® 
90 1.2 X 10® 
Growth of Virus in the Presence of Actinomycin D 
Presence of actinomycin D in the medium during the entire 
growth cycle of C24V caused a distinct decrease in the yield of 
virus. However, addition after the first 3 hours of infection 
did not influence the yield of virus as compared to untreated 
controls (Table 9). 
Table 9. Yield of extracellular virus from duplicate C24V 
infected cell cultures treated with actinomycin D 
Average PFU/ml 
Experiment Actinomycin D 3 hours 12 hours 
1 No treatment 1.7 x lo^ 1.1 x lo^ 
From -1 to 12 hours 2.3 x lo^ 5.6 x lo ^ 
From 3 to 12 hours 2.0 x lo^ 1.0 x lO^ 
2 No treatment 1.1 x lo^ 1.0 xio"* 
From -1 to 12 hours 1.2 x 10^ 1.5 x lo ^ 
From 3 to 12 hours 1.0 x lo^ 1.0 x lo"* 
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Site of RNA Synthesis 
The rate of RNA synthesis in the nucleus or cytoplasm of 
infected or control cells was measured. In Table 10, the 
average number of autoradiograph grains in each cell compartment 
was recorded in duplicate cultures infected for 14 hours with a 
multiplicity of 20 for each virus. No significant differences 
were detected between cytoplasmic counts. Nuclear counts of 
cells infected with either virus were significantly increased 
over those of uninfected cells. 
Table 10. Mean RNA grain counts per cell compartment in cells 
infected for 14 hours and then pulsed for 30 minutes 
with uridine-5-H^ 
Virus Used 
Cell Compartment C24V NYl Uninfected 
Cytoplasm 1.80 2.73 2.38 
Nucleus 14.80^ 12.74® 6.82 
%<0.05. 
Alterations in Metabolism of Infected Cells 
The specificity of radiolabeling of DNA, RNA and protein 
was determined by experimentation utilizing enzymatic digestion. 
Results of such tests on 30 minute pulse-labeled cells are 
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summarized in Table 11. Counts of radioactivity incorporated 
into acid-precipitable compounds were reduced by specific 
digestion with the appropriate enzymes. Excess thymidine 
addition to uridine-H^ label was effective in preventing non­
specific incorporation into DNA. The trypsin preparation was 
observed to contain apparent RNAse activity. 
Table 11. Specificity of thymidine-H^, uridine-H^ and 
amino acid mixture labeling of cells measured as 
remaining activity in percent after enzymatic 
digestion 
Enzyme 
Label used DNAse RNAse Trypsin 
Thymidine-H^ 12 84 N.D.® 
Uridine-K^ with 800 X 
excess thymidine 83 12 10 
-amino acid mixture N.D.^ 86 42 
^Not done. 
The influence of viral infection on the synthesis of host 
cell DNA can be seen in Figure 5. The NYl strain did not alter 
the synthesis of cellular DNA at any time during the observa­
tion period of 43 hours. In contrast, the cytopathogenic C24V 
strain significantly inhibited host cell DNA synthesis. This 
inhibition was observed long after initial release of virus 
Figure 5. Cellular DNA synthesis in cultures infected 
with C24V or NYl virus. Both viruses were 
added to cultures at a m.o.i. = 2.2, 
Triplicate samples were measured at the 
designated times. A growth curve for C24V 
virus is plotted as a reference. Significant 
differences (p<0.025) were detected between 
both virus-infected cultures only at 43 hours 
after infection 
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from cells since it was detected only in 43 hour samples. 
Total RNA synthesis was measured in cell cultures without 
discriminating as to whether it was cell or virus directed 
synthesis. No difference was detected between uninfected and 
NYl infected cultures (Figure 6). Cultures infected with C24V 
virus had decreasing rates of synthesis of total RNA but the 
change was not significantly different during the period of 
observation. Total protein synthesis levels are recorded in 
Figure 7, as the sum of cell and virus-directed synthesis. 
Protein synthesis in infected cells did not differ from that 
of uninfected cultures. 
Virus-induced Protein Leakage 
Uninfected cultures of primary bovine testicle cells 
continuously released proteins which accumulated in the medium 
(Figure 8). Cultures infected with NYl exhibited a similar 
leakage while those infected with C24V released larger amounts 
of cellular protein. These differences were significant at 30 
and 37 hours after virus infection. 
The amount of cell protein leaked was influenced by pulses 
of puromycin or actinomycin D (Figure 9). Cell protein leakage 
was determined at 30 hours irrespective of the time that pulses 
were given. Pulses of puromycin within 4 hours of infection 
did not alter the amount of leakage of cellular proteins, but 
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later pulses significantly decreased leakage. Pulses of 
actinomycin D increased the amount of protein leakage. As the 
time of addition of actinomycin D increased, the amount of 
protein leakage also increased. 
Figure 6. Total RNA synthesis in cultures infected with C24V or 
NYl virus. The m.o.i. was 2.2 for both viruses. 
Triplicate samples were measured at the designated 
times. A growth curve for C24V virus is plotted as 
a reference. No significant differences were detected 
between viruses 
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C24V or NYl virus. Triplicate scimples were measured 
at the designated times. A growth curve for C24V 
virus is plotted as a reference. No significant 
differences were detected between viruses. The m.o.i. 
was 2.2 for both viruses 
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Figure 8. Leakage of "-labeled cellular proteins into the 
cell-free culture medium measured as disintegrations 
per minute of in samples from duplicate cultures. 
Significant differences (p<0„01) were detected 
between the effect caused by both viruses at 30 and 
37 hours after infection. The m.o.i. was 1.3 for 
both viruses 
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Figure 9. Inhibition of protein leakage caused by 
C24V virus infection at m.o.i. = 3.5. 
Pulses were given from 1 to 2, 2 to 4, 
4 to 6, 6 to 8 and 8 to 10 hours after 
infection. Leakage of proteins was 
allowed to proceed from the time of pulse 
termination (values on the abcissa) to 
30 hours. Leakage was measured as dis­
integrations per minute of ''-labeled 
extracellular protein. Significant 
differences (p<0.01) were noted after 
puromycin pulses from 4 to 6, 6 to 8 
and 8 to 10 hours and after all 
actinomycin-D pulses 
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DISCUSSION 
The infectivity of NYl virus preparations was demonstrated 
by the production of interference against superinfection with 
C24V virus in primary bovine testicle cell cultures. Various 
techniques, including filtration through 25 nm filters, were 
used in attempts to separate infectivity from interfering 
activity. Filtration was not a satisfactory procedure since 
both the NYl and C24V viruses were able to pass the filters 
(Table 2). These results are in contrast to those reported by 
many authors (52, 26, 47, 69, 23, 54, 49, 94, 32), with only 
a report by Fernelius (30) in agreement. The latter reported 
that in a few instances, BVD virus infectivity passed through 
25 nm filters. It is interesting to note that some investi­
gators (6S, 23, 54, 49) reported that BvD and hog cholera 
viruses had electron-dense internal cores of 24 to 28 nm in 
diameter. Particles of this size would be expected to pass 
through a 25 nm filter. 
The 25 nm filtrable infectivity of C24V virus detected in 
-the—preHeîrtr"si:udy appearedn:o differ from the intact virus par-
ticle in its sensitivity to trypsin, but v/as equally sensitive 
to acid treatment or ribonuclease digestion (Table 3). It is 
possible that the external viral proteins of this infectious 
component are not protected by the same associated structures 
such as lipids that are present in intact virus particles. The 
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observation of Fernelius and Velicer (33) that infectivity could 
be separated into two peaks by gel filtration on agarose columns 
is also evidence for the heterogeneous nature of infectious 
particles of BVD virus. However, this heterogeneity could not 
be resolved by density gradient centrifugation since a band of 
infectivity with a buoyant density of 1.15 g x cm ^ was 
observed (31). 
The available data does not indicate whether these 25 nm 
filtrable infectious components are actually immature forms of 
the virus or are the product of degradation of 40 nm virus 
particles. The possibility that these filtrable components 
were due to a contaminating virus cannot be excluded. However, 
this is very unlikely since plaques produced by the 25 nm 
filtrable component of C24V virus were indistinguishable from 
those produced by the intact virus particle. 
Aside from the question of the origin of the 25 nm 
filtrable infectivity, the role that might be played by this 
filtrable infectivity in the infection of cells and animals 
by BVD virus can only be hypothesized. There is a possibility 
that a 25 nm infectious particle could be carried further by 
air currents and reach entrance sites in susceptible animals 
with greater ease. But the fact that this filtrable fraction 
is more sensitive to the action of proteases than the intact 
virus would probably assign to it a lesser role in the main­
tenance of the virus in nature. 
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Gel filtration techniques proved useful in the separation 
of infectivity from interfering activity. When sham or NYl 
virus materials were filtered through P60 columns, interfering 
activity was recovered in two separate fractions. One of 
these fractions eluted following the excluded fractions from a 
P30 column (Figure 2). Since this type of gel excludes 
globular proteins of a molecular weight of more than 30,000 
it was concluded that the molecular weight of this fraction 
was 30,000 or less. It was assumed that this small molecular 
weight component with interfering activity was interferon 
produced by the primary bovine testicle cells since it was 
separable from the virus particles and its size corresponded 
well with that reported for bovine interferons. Furthermore, 
this material retained its activity even after being subjected 
to pH 2 dialysis. 
Sham, NYl and C24V fractions recovered in the excluded 
fraction of P50 and P150 columns also had interfering activity 
(Figure 2 and Table 7). The molecular weight of this inter­
fering fraction was deduced to be larger than 150,000 since 
these columns exclude globular proteins possessing molecular 
weights of >60,000 and >150,000 respectively. Ultracen-
trifugation at 120,000 G for 20 hours sedimented this inter­
fering activity (Table 6) which could mean that the molecular 
weight of the material was significantly higher than 150,000. 
The interfering activity in this fraction was active on 
70 
homologous (C24V) and heterologous (VSV) viruses and could have 
been due to the presence of an interferon inducer, such as 
bacterial endotoxins, in the virus and sham preparations. 
Alternatively, the activity could have been caused by a large 
molecular weight interferon. No reports on bovine interferons 
of this molecular weight were found in the literature, but the 
detection of rabbit interferons of >134,000 (88) and human 
interferons of 160,000 (37) in molecular weight support the 
possibility that bovine cells could produce interferons of 
large size. 
A thorough inspection was made of the procedure used to 
obtain virus and sham preparations, in an attempt to determine 
if interferon-inducing substances were being introduced into 
these materials. It was found that Gram negative bacteria 
with the cultural characteristics of Pseudomonas sp. were 
growing on the walls of the plastic carboys used to store 
glass-distilled water for tissue culture procedures. These 
bacteria could have been the source of endotoxins for the 
tissue culture media, since the routine filtration techniques 
that rendered these media bacteriologically sterile would not 
have removed endotoxins. It is significant that when bacterial 
growth was prevented the sham and virus lots produced did not 
contain pH 2 resistant interfering activity for heterologous 
(VSV) viruses. 
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When C24V preparations were filtered through P60 columns, 
interfering activity was detected in three separable fractions. 
The first fraction recovered eluted with the void volume of the 
column. It was assumed that this material was related to the 
large component with interfering activity (>150,000 in molec­
ular weight) seen in sham and NYl lots. As discussed before, 
this activity could have been due to the presence of an 
interferon or an interferon inducer, such as bacterial endotoxin. 
The next two fractions recovered contained interfering activity 
which could not be related to activity obtained from similar 
gel filtration experiments with NYl or sham preparations 
(Figure 1). No data is available to identify the nature of 
these interfering components. 
The NYl virus preparations contained a specific inter­
fering activity that was not present in sham preparations. It 
was eluted as an unretained fraction from P150 columns which 
would indicate that its molecular weight was >150,000. This 
specific activity interfered with the homologous C24V virus 
but had no effect on VSV (Table 7). In addition, fractions of 
NYl preparations that excluded from P150 columns contained 
the interferon or interferon inducer of >150,000 in molecular 
weight. 
When NYl virus was purified by ultrafiltration on XM50 
membranes, materials of molecular weight lower than 50,000 
were removed» Ail of the detectable interfering activity for 
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C24V could be removed from these preparations by ultracen-
trifugation at 120,000 G for 20 hours (Table 6). This cen­
trifugal force also sedimented NYl virus infectivity. Since 
ultracentrifugation removed the infectivity and the activity 
which specifically interfered with C24V virus, it is quite 
possible that both properties are associated with the virus 
particles. Further evidence that this was the case was the 
fact that only those cell cultures that were infected with NYl 
virus became resistant to the challenge C24V virus. Cells 
infected with NYl virus exhibited interference even after 
repeated washings, suggesting that the interference was due to 
an intracellular phenomenon or to the blocking of receptors 
at the cell surface. Experiments were performed to differen­
tiate between these two alternative explanations but no con­
clusive data were obtained. In order to prove that interference 
between two viruses is mediated by the blocking of cellular 
receptors, a sufficiently high multiplicity of infection of 
the interfering virus must be used. Under these conditions a 
reduction in the rate of adsorption of the challenge virus is 
observed with respect to uninterfered cultures. The titers 
of NYl virus obtained routinely, were not high enough to 
satisfactorily perform this test. To determine which of the 
various intracellular mechanisms of interference might be 
involved in the observed interference between two viruses, it 
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is necessary to use specific mutants which have not been 
obtained for NYl virus to date. 
The infectivity from NYl virus preparations was eliminated 
by dialysis to pH 2. Preparations obtained with this technique 
contained interfering activity that was not retained by 25 nm 
filters or sedimented by centrifugation at 100,000 G for 1 hour 
(Table 4). This interfering activity was also demonstrated 
with C24V virus and VSV but not with IBR or BE and thus was 
due to interferon (Table 5). Since the small (30,000) molec­
ular weight interferon was resistant to pH 2 it was assumed 
that at least part of the activity detectable in pH 2 
dialysates of NYl virus was due to this interferon. No experi­
ments were performed to determine whether the large (>150,000) 
interfering component was resistant to pH 2 dialysis. 
The sensitivity to interferon demonstrated by C24V virus 
was similar to that seen with VSV virus, a virus that is 
considered very sensitive to this inhibitor» This observation 
is in agreement with that of Diderholm and Dinter (25) who 
reported that C24V virus was sensitive to interferon. 
Interference was also produced by NYl virus irradiated 
with ultraviolet light (Table 6), It was not determined 
whether this interference was mediated by interferon or was 
produced by the same mechanisms as that expressed by unirra­
diated virus. Burke and Isaacs (18) have reported that 
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ultraviolet-irradiated influenza virus was a better interferon 
inducer than unirradiated virus. 
It can be concluded, in agreement with Diderholm and Dinter 
(25), that interferon does not play a role in the establishment 
of interference between noncytopathogenic and cytopathogenic 
BVD strains. Contradictory reports by Kniazeff and McClain (62) 
and Gratzek (45) indicate that there was interference between 
noncytopathogenic BVD strains and VSV. It is possible that the 
results obtained by these authors were due to stimulation of 
interferon production by toxic bacterial products present in 
the water or animal serums used for cell cultures, even after 
sterilization by moist heat or filtration (99, 3). 
In the present study, toxic bacterial products stimulated 
interferon production even in the presence of replicating NYl 
virus. In contrast, Diderholm and Dinter (25) reported that a 
noncytopathogenic BVD strain suppressed the stimulation of 
interferon production by a viral inducer. This apparent con­
tradiction may be due to the difference in interferon inducers. 
In reviewing the subject of interferon synthesis by cells 
exposed to non-viral inducers. Ho et al. (53) pointed out that 
non-viral inducers will give interferon responses much sooner 
than viral inducers. Finkelstein et (36) reported that 
the interferon response elicited by non-viral inducers is more 
resistant to puromycin and actinomycin D than the one elicited 
by viral inducers. These latter authors have suggested that 
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non-viral inducers may release preformed interferon while viral 
inducers have to elicit "de novo" synthesis of interferon, a 
process that is blocked by actinomycin D and puromycin. In the 
present study, NYl virus infection appeared to influence the 
interferon response in a similar manner to these drugs. 
On the other hand, infection with NYl virus did not result 
in detectable alterations of cell macromolecular metabolism 
(Figures 5, 6 and 7) as are produced by puromycin and actino­
mycin D. It is possible that NYl virus specifically inhibited 
one of the steps required for the induction of interferon pro­
duction by viral inducers. This step would not be required by 
non-viral inducers. Further studies with NYl virus may provide 
useful information on the mechanisms of interferon induction. 
It was of interest to note that gel filtration not only 
separated the interfering activity into distinct peaks but that 
certain large molecular weight fractions eluted from these 
columns also had enhancing activity on the C24V challenge 
(Figure 1). This enhancing activity was produced only in 
virus-infected cells since it was not detected in sham 
preparations. 
The enhancing activity in NYl fractions could have been 
due to products synthesized by this virus which would have a 
complementation effect on the challenge C24V virus. A very 
pronounced enhancing activity was seen in some fractions 
obtained from C24V preparations. This could be explained by 
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the fact that these 25 run filtered materials contained some 
infectious C24V virus which produced plaques that were counted 
as due to the challenge virus. 
The NYl and C24V strains were remarkably similar in their 
kinetics of intracellular replication. Both released after an 
intracellular phase of 10 to 11 hours, No evidence of intra­
cellular accumulation of infectivity was detected, as is 
compatible with the model of a virus that matures at the cell 
surface. The observed length of the growth cycle corresponds 
well with data reported previously for the cytopathogenic 
C24V strain (44, 45). Contrary to these findings, intra­
cellular accumulation of virus was not detected. 
A high m.o.i. of partially purified virus did not interfere 
with normal virus replication (Table 8). The yield of virus 
from cells infected with a m.o.i. of 1.3 (which would infect 
75% of the cells) was one half of that obtained from cells 
infected with a m.o.i. of 90 (which would infect 100% of the 
cells). This multiplicity-dependent increase in virus yield 
was similar to the one seen with influenza virus by White and 
Cheyne (104) and is presumably due to the fact that some of 
the early viral proteins may not be produced in sufficient 
quantity to enable the rapid progress of replication. At high 
m.o.i., each cell is infected with more than one virus particle 
and no shortages of viral products occurs Th±s^phenoraenonnnay 
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be related to the enhancement of C24V challenge seen with some 
fractions of C24V and NYl virus (Figure 1). 
The growth of C24V virus was markedly inhibited by actino­
mycin D during the first 3 hours of replication. Levels of 
0.1 ug/ml of the drug were able to exhibit this inhibition; 
This level of drug was considered "low" by Reich (77), so that 
C24V virus would have been classified as actinomycin D sensitive 
in his scheme. Aynaud (5) reported that the growth of hog 
cholera virus was resistant to actinomycin D at levels of 0.05 
and 0.5 yg/ml when used in pig kidney cells. It would be 
surprising if this difference in sensitivity to actinomycin D 
between hog cholera and BVD virus was due to a major difference 
in the replicative mechanism of these viruses, such as the 
need for cellular DNA synthesis during a part of the replicative 
cycle. Since hog cholera and BVD viruses are similar in so 
many respects it would be more logical to assume that the 
sensitivity to actinomycin D observed with C24V virus in primary 
bovine testicle cells is a characteristic of this particular 
virus-cell system. It is possible that certain strains of BVD 
virus could be resistant to the drug as could the C24V strain 
when grown in other host cells. Variations in sensitivity to 
actinomycin D among poliovirus strains have been reported by 
Schaffer and Gordon (84) . Cooper (20) reported that the 
actinomycin D resistance of poliovirus strains was markedly 
influenced by the cultural conditions imposed on the host cells. 
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Autoradiographic studies indicated that cells infected 
with NYl or C24V viruses had increased rates of nuclear RNA 
synthesis. These effects were marked at 14 hours but were 
noticeable at 8 hours even when 0.1 yg/ml of actinomycin D 
was added at 3 hours after infection. No significant changes 
were observed in the rates of cytoplasmic RNA synthesis of 
infected or uninfected cells. On the basis of these results, 
it is possible that NYl and C24V viruses replicated their 
genomes in the nucleus of infected cells. Intranuclear 
replication of viral genomes is seen in infections with 
myxoviruses and paramyxoviruses. In contrast, arboviruses 
replicate their genomes in the cytoplasm. An intranuclear 
site of replication implies the possibility that the virus 
could interact with cell DNA and induce a state of malignancy 
in the host cell. 
Skehel and Burke (87) observed that viral RNA polymerase 
activity was detectable in the cytoplasm and possibly the 
nucleus of infected cell homogenates. These results conflict 
with the autoradiographic experiments by Scholtissek et al. 
(82) which demonstrated virus-directed synthesis only in the 
nucleus of cells. It is not clear at present why there is a 
discrepancy when measuring the same phenomenon with two 
different methods. Further experiments using these two 
techniques are needed to conclusively determine the intra­
cellular site at which BVD viruses replicate their genome. 
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The localization of viral antigens with fluorescent 
antibody techniques can give information on the intracellular 
site of viral replication. The site at which antigens are 
detected may not be related to the one at which virus-induced 
protein synthesis occurs. Instead, it represents the location 
at which these viral proteins aggregate. Mengeling et (70) 
has reported that BVD and hog cholera viruses produce viral 
antigens in the cytoplasm of infected cells. Reports by 
Solorzano (90) and Fernelius (34) suggested that during the 
early phase of virus replication a faint nuclear fluorescence 
was apparent followed by the distinct cytoplasmic fluorescence 
that is typical of the later phases of replication with these 
viruses. The early nuclear fluorescence reported by these 
authors could be due to the aggregation of viral antigens in 
the nucleus under the direction of viral genomes that replicate 
at that site. 
A distinct difference in the ability to inhibit cellular 
synthetic processes was noted between the cytopathogenic C24V 
and the noncytopathogenic NYl strain. The C24V strain sig­
nificantly inhibited cellular DNA synthesis at 43 hours after 
infection. This effect was followed by a corresponding 
inhibition of total RNA synthesis but protein synthesis remained 
unchanged during the period of observation. In contrast, cells 
infected with NYl virus had no alterations of DNA, RNA or 
protein synthesis. 
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These patterns of inhibition of cellular metabolism can best 
be interpreted by assuming that the virus has a "late" effect, 
of either a direct or indirect nature, on the DNA of the cell 
and that this causes eventual inhibition of RNA synthesis. 
The measurements of RNA and protein synthesis are more un­
reliable as indicators of alterations of cellular metabolism 
because they are the result of measurements that combine both 
virus and cell-directed synthesis. These cellular alterations 
are much less dramatic than those typical of infections with 
mengovirus (38) or Newcastle disease virus (102). 
Virus induced protein leakage can be measured by direct 
protein determinations of supernatant fluids or by determina­
tions of the presence of lysosomal enzymes in the supernatant 
fluids. In this study, leakage of proteins was measured by 
determinations of the presence of radioactive cellular protein 
in the supernatant fluids. This eliminated the possibility 
of measuring virus-synthesized proteins in these supernatants, 
Bovine testicle cells normally leaked proteins into the 
supernatant fluids (Figure 8), reducing the sensitivity of 
the technique. 
Marked differences in the ability to induce increased 
leakage of cellular proteins were noted between C24V and NYl 
viruses. No alterations were caused by NYl virus but C24V 
virus induced significantly increased levels of cellular 
protein leakage at 30 hours after infection (Figure 8). This 
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was a "late" effect, occurring after virus release but much 
earlier than the inhibition of cellular DNA synthesis caused 
by this virus. The fact that virus-induced protein leakage 
preceded the inhibitory action on cellular metabolism would 
indicate that this earlier effect is more directly associated 
to the lethal action of the virus on cells (Figure 4). Since 
NYl virus did not induce protein leakage or inhibit cellular 
metabolism it can be concluded that these two effects con­
tributed to the lethal action on the cells. The sequence of 
appearance of these cellular alterations cbuld mean that the 
inhibition of cellular DNA synthesis was caused by this previous 
leakage of protein. 
Cells infected with C24V virus had morphological alter­
ations at 19 hours after infection (Figure 4). The leakage of 
cellular proteins from C24V-infected cells was slightly in­
creased as early as 15 hours after infection (Figure 8) but 
only became significant at 30 hours after infection, when 
marked CPE was evident. It is likely that this delay in the 
appearance of protein leakage was only due to a lack of 
sensitivity in the detection of virus-specific leakage. 
Protein synthesis was required shortly after 4 hours to 
enable the C24V virus to induce increased leakage of cellular 
proteins. Pulses of puromycin (50 yg/ml) that reversibly in­
hibited all protein synthesis caused a significant reduction 
in the leakage of cellular proteins from virus infected cells. 
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These results are strong evidence for the possibility that the 
C24V virus was producing a cytotoxic protein that damaged 
cellular lysosomes. This effect would then result in the 
detectable increases of cell protein leakage. Since puromycin 
was only effective in blocking this viral action beginning at 
4 hours after infection, the protein which caused this effect 
must have been a "late" viral protein. This observation is in 
agreement with those of Amako and Dales (4) and Bubel (13) who 
showed that mengovirus produced a "late" protein capable of 
damaging cellular lysosomes beginning at 2.5 hours after 
infection. Kamiya et aJL. (61) also reported that a "late" 
protein of pseudorabies virus induced cell protein leakage. 
This "late" viral protein was produced beginning at 4 hours 
after infection. 
Even though a protein capable of disrupting lysosomes is 
present in the cytoplasm of mengovirus-infected cells (97), 
no evidence has been presented to unequivocally demonstrate 
that this protein is directly produced by the virus genome. 
The possibility still exists that the virus genome interacts 
in some fashion with the cell DNA and causes it to direct the 
synthesis of a lysosome disrupting protein. When pulses of 
actinomycin D were used at different intervals after infection, 
the resultant leakage of cellular proteins was observed to 
increase the later the pulse was given. This was paradoxical, 
since later pulses meant that after removal of the drug pulse. 
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the cells had less time to release proteins than in the case 
of cultures pulsed earlier. It is possible that a cellular 
function was active in protecting the cell against viral injury 
during the infectious process. Pulses with actinomycin D, 
which binds irreversibly to DNA, could have rendered this 
cellular function impotent. This function presumably became 
more important later in the infectious cycle to counteract the 
increasingly lethal effects of the virus on lysosomes. The 
effect of pulses with actinomycin D produced such a marked 
leakage of proteins that the hypothesis of the existence of 
a cellular gene carrying information to disrupt lysosomes could 
not be tested by this method. 
The NYl and C24V strains of BVD virus were isolated from 
clinical cases of BVD infection in cattle (8, 42). Clinical 
syndromes in each one of these isolations were very similar. 
Nevertheless, these strains differ significantly when studied 
in cell cultures. 
Amako and Dales (4) have presented data of experimental 
comparisons between a large and a small plaque variant of 
mengovirus. They observed that the large plaque variant was 
more virulent for mice and produced a larger amount of 
cytotoxic protein than the small plaque variant. 
In the present study, the difference in cytopathogenicity 
between the NYl and C24V strains was striking. The NYl strain 
produces no cellular alterations while the C24V virus produces 
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late but marked cytopathblogy. In contrast to the observations 
of Amako and Dales, no clinical differences have been notice­
able between these two strains. This discrepancy can be 
partially explained by the fact that the mengovirus strains 
were causing infection with rapid destruction of non-
regenerating nervous tissue while in the case of BVD the 
infection produces a slower destruction of lymphoid tissue 
which can be regenerated. Fenner (29) has proposed that 
certain immunological reactions, such as delayed hypersensi­
tivity, might play an important role in the cellular damage 
seen in animals during infections with viruses. The alteration 
of cellular plasma membranes by a virus could lead to the 
triggering of "graft rejection" reactions causing the destruc­
tion of these cells. This could be the reason why a noncyto-
pathogenic virus, such as NYl can produce symptoms, lesions 
and even death in animals. The fact that no intracellular 
accumulations of virus were observed with these strains of BVD 
is an indication that these viruses may mature at the cell 
surface and therefore necessarily alter the antigenicity of 
the cellular plasma membrane. The observations of Fernelius 
and Packer (35), that anticellular antibodies neutralized 
some strains of BVD virus, also lend support to this 
supposition. 
Another explanation that cannot be excluded is that the 
NYl virus is only noncytopathogenic in certain cell cultures 
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but is fully capable of lethal infections in many of the 
tissues of live animals. Much work will have to be done before 
one of these alternative hypotheses can be accepted for the 
BVD model. Such work would provide considerable insight and 
valuable information on the pathogenesis of BVD infections. 
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SUMMARY 
The noncytopathogenic NYl and cytopathogenic C24V strains 
were characterized as BVD viruses by chloroform sensitivity, 
nucleic acid type and virus neutralization. A fraction of the 
infectivity of these two strains passed through 25 nm filters. 
The 25 nm filtrable infectivity of C24V virus was more sensi­
tive to trypsin digestion than the intact virus particle, but 
both infectious particles were sensitive to pH 2 and resistant 
to ribonuclease digestion. 
Lots of NYl virus, C24V virus and sham preparations 
contained materials which were separable from infectivity, 
resistant to pH 2 and had interfering activity against C24V 
and VSV viruses. Their molecular weights were approximately 
30,000 and >150,000, as determined by gel filtration experi­
ments . These properties identified the small molecular com­
ponent as interferon and the large component as either an 
interferon or an interferon inducer. Interferon was removed 
from virus and sham preparations when the water used for 
tissue culture procedures was freed of toxic bacterial products, 
A specific interference was detected only in NYl virus 
lots. This material was filtrable through 25 nm filters, had 
a molecular weight of >150,000, was sedimented by ultra-
centrifugation, was destroyed by dialysis to pH 2,.and was active 
only against the homologous C24V strain. This specific 
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interfering activity seemed to reside in the NYl virus particle. 
It was concluded that the interference between noncytopathogenic 
and cytopathogenic BVD strains was not due to interferon but 
was mediated by the noncytopathogenic virus itself. 
Certain column fractions from NYl virus lots had an 
enhancing effect on the challenge C24V virus. This effect was 
possibly due to a complementation of the challenge virus by 
NYl virus products. 
After a growth cycle of 10 to 11 hours, NYl and C24V 
viruses released from cells without any previous intracellular 
accumulation of infectious particles. These results are 
compatible with the model of a virus that matures at the cell 
surface. 
High multiplicities of infection of C24V virus had no 
interfering effect; rather, they elicited a multiplicity-
dependent increase in virus yield. 
Autoradiographic evidence was obtained for an increase of 
nuclear RNA synthesis in cells infected with either virus. 
This increased RNA synthesis may be due to the replication of 
viral genomes in the nucleus. An actinomycin D sensitive 
phase was detected during the first 3 hours of replication of 
C24V virus. 
The C24V strain gave initial CPE at 19 hours, appreciable 
leakage of C'**-labeled cellular proteins at 30 hours and 
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marked inhibition of cellular DNA synthesis at 43 hours. This 
was followed later by inhibition of RNA synthesis. The NYl 
strain failed to cause these changes in cell cultures. It was 
assumed that the C24V strain produced cytopathology by altering 
lysosomes, which resulted in the leakage of cellular proteins 
and later, in inhibitions of cell macromolecular metabolism. 
Since protein synthesis was required 4 hours after infection 
with C24V in order to cause increased cell protein leakage, it 
was concluded that a "late" viral protein was responsible for 
this lethal effect. 
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